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Catheter, apparatus and method for therapeutic embolization 



The invention relates to a catheter, an apparatus, and a method for the 
therapeutic embolization of aneurysms using a catheter. 

In the therapeutic embolization of aneurysms, cavities caused by disorders in 
the vascular system are eliminated by injecting a suitable plugging material, so that negative 
effects of the aneurysm on the blood flow are suppressed, A number of variants of 
therapeutic embolization are known from the literature. For example, US 6 024 754 describes 
5 the combination of a coil firstly inserted into the aneurysm with a curable polymer which is 
subsequently introduced. X-ray-opaque markers are fitted to the tip of the associated catheter, 
it being possible for the position of said markers to be ascertained on an X-ray image. 
Furthermore, US 6 024 754 indicates the known requirement, during injection of the 
plugging material into the aneurysm, to take care that the catheter tip does not emerge from 
10 the aneurysm and discharge plugging material into the blood stream or block the blood 

vessel. However, no fiirther details are given with regard to how this aim is to be achieved. 

Against this background, it is an object of the present invention to provide 
means for safely carrying out a therapeutic embolization using a catheter. 

This object is achieved by a catheter having the features of Claim 1, by an 
15 apparatus having the features of Claim 5, and by a method having the features of Claim 11. 
Advantageous embodiments are given in the dependent claims. 

Provided is a catheter for the therapeutic embolization of aneurysms by 
injection of a filling material into the aneurysm by way of an active locator for the 
detemiination of the spatial position and/or orientation of the catheter. 
20 The apparatus according to the invention is used for the therapeutic 

embolization of aneurysms and contains the following components: 

- A catheter for injecting a filling material into an aneurysm. 

- A locating device and at least one associated active locator which is fitted on 
the catheter (preferably at the tip thereof), it being possible for the spatial position and/or 

25 orientation of the locator to be determined by the locating device. The term "active locator" is 
to be understood here to mean a device whose spatial position/orientation can be detemiined 
not only passively, that is to say using imaging methods (such as the X-ray imaging of an 
X-ray-opaque marker for example), but also, as an alternative or in addition, in some other 
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way. Typically, active locators transmit or receive appropriate signals which serve for 
position determination purposes. 

- A pump device for controUably supplying filling material to the catheter. 

- A monitoring unit connected to the locating device and the pump device, for 
5 example a microcomputer with appropriate software, wherein the monitoring unit is designed 

to detect emergence of the catheter from the aneurysm during the injection of plugging 
material into the aneurysm, and thereupon to inraiediately stop the supply of plugging 
material to the catheter. The monitoring unit is able to detect emergence of the catheter from 
the aneurysm by virtue of its connection to the locating device, which locating device 

10 continuously measures the position and/or orientation of the active locator on the catheter. 
Stopping of the supply of plugging material is achieved by correspondingly controlling the 
pump device. The monitoring unit, the locating device and the pimip device may be separate 
physical units; however, they may also be completely or partially embodied in a single unit, 
for example a microcomputer. 

15 The described apparatus has the advantage that it allows particularly safe 

embolization of aneurysms. This is achieved in that the catheter tip is observed and any 
emergence thereof from the aneurysm is detected and thereupon the supply of plugging 
material is automatically stopped. Therefore, no plugging material, or at most a minimal 
amount of plugging material, can be discharged into the bloodstream. The apparatus thus 

20 ensures safety even if, despite the greatest of care being taken, the catheter tip slides out of 
the aneurysm. Since an active locator is used, the catheter can in this case be monitored 
without continuous X-ray-fluoroscopic observation, and this entails a corresponding 
reduction in the amount of radiation to which the patient and the staff are exposed. A further 
advantage of tiie apparatus is that the locator present at the catheter tip can also be used for 

25 further functions, for example for a local improvement in the imaging of a region of interest 
by temporal integration of image information, and also for navigating the catheter in the 
vascular system of a patient. 

According to one further embodiment of the apparatus, the monitoring unit 
contains a memory with a road map stored therein and also means of recording the measured 

30 position of the locator using this road map. Two-dimensional or three-dimensional road maps 
show the course of a patient's vessels and are often generated prior to or at the start of an 
intervention by means of an X-ray angiograph, in order to be able to carry out the subsequent 
navigation in the vascular system without continuously exposing the patient to X-ray 
radiation and contrast agent. During the intervention, the position of the catheter is measured 
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using other means such as, for example, the active locator and recorded using the road map, 
that is to say is assigned to the geometrically and/or anatomically corresponding point of the 
road map. Since the road map contains in particular the position of the aneurysm, it can be 
checked whether, at the start of embolization, the catheter is at the desired location relative to 
5 the course of the vessels - i.e. in the aneurysm. 

The apparatus may furthermore optionally comprise an imaging device such as 
in particular an X-ray device. It is thereby possible if necessary to generate current images 
and thus to check the position of the catheter relative to the course of the vessels. In 
particular, it is possible in tliis way to check the correct positioning of the catheter at the start 
10 of embolization. Fxirthermore, the catheter may preferably carry a marker which shows up 
well on the images of the imaging device, for example by virtue of an X-ray-opaque design 
of the active locator. Finally, the apparatus may also comprise a device for injecting a 
contrast agent in order that an emphasized depiction of the course of the vessels can be 
shown on the image. 

15 In principle, the locating device used may be any of the systems known for 

this purpose. In particular, the locating device may determine the position and/or orientation 
of the associated locator by means of a mechanical, electromagnetic, optical and/or acoustic 
method. 

In a mechanical method, a change in the position of the locator is recorded by 
20 a mechanical coimection thereto - e.g. via the catheter. Another mechanical method is based 
on the mass inertia, that is to say observing accelerations of the locator. By integration of this 
acceleration, it is possible to deduce the current position of the locator. 

In electromagnetic location, use is made of spatially and/or temporally 
inhomogeneous electromagnetic fields. Preferably, in this case the locator may be a magnetic 
25 field sensor and the locating device may be a field generator for generating an 

inhomogeneous magnetic field, wherein the magnetic field sensor measures the magnitude 
and direction of the generated field and makes it possible to deduce firom this its position 
relative to the field generator. However, the locator may also be the source of an 
(electro)magnetic field which is measured by at least one external sensor. Furthermore, 
30 electromagnetic locating devices may also measure the magnitude and direction of the 
ground magnetic field, in order to make it possible to deduce the position therefrom. 

In optical methods, for example, a light source is observed firom various 
locations so that the position of the light source can be deduced using stereoscopic methods. 
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In the present case, the near infrared (NIR) would be particularly suitable as light signal since 
it can to a certain extent penetrate body tissue. 

Finally, acoustic methods are based on the transmission of sound waves, in 
particular ultrasound. For example, the active locator may be an ultrasoxmd source, the 
5 signals of which are measured at least at three spatial points, wherein differences in 

propagation time make it possible to deduce the position of the locator. On the other hand, 
however, the locator may also be a receiver which measures the propagation times of soxmd 
signals from at least three spatially distributed sources and deduces its own position 
therefrom. 

10 The plugging material which is injected into an aneurysm by means of the 

apparatus may in particular comprise an initially fluid, curable polymer material, plastic 
beads, a plastic coil, a hydrogel and/or a fibrin sponge. Numerous suitable materials are also 
described in US 6 024 754, which is hereby fully incorporated by way of reference into the 
present application. 

1 5 The invention furthermore relates to a method of controlling the supply of a 

plugging material to a catheter during the therapeutic embolization of an aneurysm, which 
comprises the following steps: 

a) Determining the position and/or orientation of the catheter via an active 
locator fitted thereon. 

20 b) Automatically stopping the supply of the plugging material to the catheter if 

emergence of the catheter from the aneurysm is detected on account of the measurement data 

determined in step a). 

The method implements in a general maimer the steps which can be carried 

out using an apparatus of the type described above. Therefore, reference should be made to 
25 the above description with regard to details, advantages and further embodiments of the 

method. 

According to one further embodiment of the method, the position of the 
locator is recorded using a road map generated beforehand, in order in this way to check 
whether the catheter is correctly located in the anexnysm at the start of embolization. 
30 Furthermore, the catheter and the aneurysm may optionally be imaged together 

at the start of embolization, for example by means of an X-ray image (rotation angiography 
or computer tomography) with administration of a contrast agent. The correct positioning of 
the catheter at the start of embolization can then be checked on the image. 
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5 

According to one further embodiment of the method, the navigation of the 
catheter outside the aneurysm is assisted by determining the position and/or orientation of the 
active locator. In this way, the locator which is present in any case can additionally be used 
for further functions, and for example can help to reduce the amoimt of X-ray radiation to 
5 which the patient is exposed. A suitable method for navigation with the aid of active locators 
is described for example in US 5 042 486, which is hereby fully incorporated by way of 
reference into the present application. 



10 The invention will be further described with reference to examples of 

embodiments shown in the drawings to which, however, the invention is not restricted. 

Fig. 1 schematically shows an apparatus according to the invention during the 
therapeutic embolization of an aneurysm. 

Fig. 2 shows the diagram of Fig. 1 in the event of a complication. 

15 ' 

As can be seen in the schematic diagram of Fig. 1, during the therapeutic 
embolization of an aneurysm 1 in the wall of a vessel 4, a catheter 5 is inserted into the 
aneurysm. A suitable plugging material 2, such as a curable polymer for example, can then be 

20 injected into the aneurysm 1 via the catheter 5, in order to plug said aneurysm and end its 
negative effects on the blood flow. The plugging material 2 is supplied to the catheter 5 by 
means of a controllable pump device 6. 

During injection of the plugging material 2, the problem arises that the 
catheter 5 tends to stretch and therefore to emerge from the aneurysm 1. If this happens, 

25 plugging material 2 is injected into the bloodstream and this entails the risk of blocking a 

vessel, damaging a vessel or causing life-threatening emboKsms (apoplexy). When carrying 
out an embolization, great care is therefore taken to ensure that the catheter 5 remains in the 
aneurysm 1. 

With the apparatus shown in the figure, in this connection a means is provided 
30 which facilitates monitoring of the catheter tip during the injection of plugging material and 
ensures safety even if, despite the greatest of care being taken, the catheter emerges from the 
aneurysm 1 . For this purpose, the apparatus has an active locator 3 at the catheter tip, which 
active locator cooperates with a locating device arranged outside the body. In the example 
shown, the active locator 3 is a sensor for a magnetic field, wherein the field is generated 
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outside the body by a field generator 9 which is fitted at a known spatial point. The field 
generator 9 and the active locator 3 are connected to a control unit 8 which is able, on 
account of the magnetic field strength and direction measured by the locator 3, to determine 
the current spatial position (coordinates) of the active locator 3. 
5 Fxjrthennore, the apparatus contains a monitoring unit 7 which may be for 

example a microcomputer and which is coimected to the control unit 8 and the pump device 
6. Unlike what is shown, parts of the apparatus, such as the monitoring unit 7 and the control 
unit 8 for example, may also be implemented by the same hardware (but different software). 

Navigation of the catheter 5 in the vascular system and positioning thereof in 

10 the aneiuysm 1 typically takes place by recording the measured positions of the locator 3 
using a two-dimensional or three-dimensional road map generated beforehand by an X-ray 
angiograph. Moreover, directly before the start of filling, the aneurysm 1 may also be imaged 
together with the catheter 5 with administration of a contrast agent, and die positions of the 
aneurysm and the catheter are placed in relation to one another (recorded) using image 

1 5 processing means. In this case, tiie catheter preferably comprises an X-ray-opaque marker. 
The imaging device, for example an X-ray device, is not shown in the figures. 

The monitoring imit 7 receives from the control unit 8 the information 
regarding the current position and/or orientation of the locator 3. By comparing this 
position/orientation with the position of the aneurysm 1 known from the start of the filling 

20 operation or the desired orientation of the catheter tip, it is then possible for the monitoring 
unit 7 to detect whether the catheter 5 is emerging from the aneurysm 1 . If this happens, the 
monitoring unit 7 immediately controls the pvimp device 6 so that the latter stops the further 
supply of plugging material to the catheter 5 (Fig. 2). This reliably prevents significant 
amounts of plugging material from passing into the bloodstream. Optionally, the pump 

25 device 6 may also be designed or controlled to carry out brief back-suction, so that plugging 
material which has already escaped or is at the catheter tip can be sucked back in (small 
arrow in Fig. 2). 

The active locator 3 present in the described apparatus may advantageously 
also be used for other functions. For example, it can be used to produce an amplified image 
30 of the aneurysm or to automatically determine an image region of interest. It is furthermore 
possible to use the locator 3 for navigation of the catheter in the vascular system and to show 
this on a road map. 



